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Abstract: Proton pump inhibitors (PPIs) are among the most 

commonly utilized agents for treatment of symptomatic disorders 

of the upper gastrointestinal tract, accounting for a significant 

proportion of sales of both over-the-counter and prescription 

formulations. A systematic review of the literature was conducted 

via MEDLINE to evaluate the most rigorous studies linking the 

potential risk of PPI therapy with adverse events. Emerging data 

illustrate the potential risks associated with both short- and long-

term PPI therapy, including Clostridium difficile–associated diar-

rhea, community-acquired pneumonia, osteoporotic fracture, 

vitamin B12 deficiency, and inhibition of antiplatelet therapy. Due 

to these associations, it is recommended that clinicians assess the 

continuing need for PPI therapy and use the lowest possible dose 

to achieve the desired therapeutic goals. 

Proton pump inhibitors (PPIs) are among the most com-
monly used agents for the treatment of upper gastroin-
testinal (UGI) disorders, accounting for over $11 billion 

in US sales in 2007. Brand-name PPIs comprise 3 of the top 11 
most commonly prescribed medications in the United States and 
are second only in monetary sales to statins.1 With the advent 
of over-the-counter omeprazole (Prilosec, AstraZeneca), self-
directed PPI therapy for gastroesophageal reflux disease (GERD) 
is now widely available, though this also increases the potential 
for inappropriate use.

Recent concerns have arisen regarding the potential for 
adverse events involving long-term acid suppression.2-4 Currently, 
there are no guidelines for directing clinicians on how to address 
potential adverse effects of PPIs in patients with GERD who may 
use these drugs on a daily basis for many years. The aim of this 
study was to systematically review the literature and summarize 
the pertinent adverse risks associated with long-term use of PPIs 
in the treatment of UGI disorders.
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Methods

A computerized literature search was performed using 
the MEDLINE database from 1966 through November 
2008. Criteria for this study selection were determined 
a priori. The literature search was conducted via compo-
nents that were each keyed to a specific causal link in a 
formal problem structure. The search sought to identify 
all publications using the following terms: proton pump 
inhibitor, gastroesophageal reflux disease, GERD, overuti-
lization, risk(s), Clostridium difficile–associated diarrhea, 
community-acquired pneumonia, bone/hip/osteoporotic 
fracture, vitamin/mineral deficiency, vitamin/mineral 
malabsorption, clopidogrel, and antiplatelet (therapy). 
The search was limited to studies involving human sub-
jects published in the English language. Abstracts, book 
chapters, letters, case reports, and review articles were 
excluded from the search. Bibliographies from index 
citations were reviewed for additional relevant studies. 
After reviewing the abstracts of publications identified 
through the search algorithm, the authors (J.J.H. and 
J.M.I.) independently assessed full manuscripts that 
met inclusion criteria. Study design, methodology, and 
appropriate and relevant outcomes applicable to the cur-
rent practice of ambulatory care medicine and gastro-
enterology were critically reviewed. The adverse events 
associated with PPIs were specifically identified. 

Results

The initial MEDLINE search identified 607 manuscripts 
using the following search terms: risk(s) and proton pump 
inhibitor. Review of the abstracts reduced the number of 
potentially relevant manuscripts to papers identified for 
inclusion by reviewing the bibliographies of the remaining 
papers, leaving 47 studies included in the final systematic 
review. A flowchart highlighting the manuscript selection 
and review process appears in Figure 1. These studies are 
summarized in Table 1 according to each category of 
potential risk.

Clostridium difficile–associated Diarrhea
Cunningham and colleagues5 conducted a case-control 
study involving 170 hospitalized patients with diarrhea 
in the United Kingdom who were positive for C. difficile 
toxin, with the goal of identifying a potential associa-
tion between PPI use and C. difficile–associated diarrhea 
(CDAD). The researchers determined that, compared 
to matched controls without CDAD, subjects who had 
taken PPIs within the preceding 2 months were sig-
nificantly more likely to develop CDAD, with the risk 
increasing with concomitant antibiotic administration 
and cytotoxic chemotherapy.

Dial and associates6 examined the risk of CDAD 
among hospitalized patients in cohort and case-control 

795,179 
manuscripts with the keyword 

risk(s)

2,413 
manuscripts with the keyword 

proton pump inhibitor

23 
manuscripts on 

risk/PPIs/
Clostridium difficile-

associated diarrhea

6 
manuscripts on  

risk/PPIs/
community-acquired 

pneumonia

12 
manuscripts on 

risk/PPIs/ 
bone/hip/osteo-
porotic fracture

2 
manuscripts on 

risk/PPIs/vitamin B12 
deficiency and 
malabsorption

4 
manuscripts on 

risk/PPIs/ 
clopidogrel/ 

antiplatelet (therapy)

607 
manuscripts 

potentially relevant

Figure 1. Overview of manuscripts evaluated for the systematic review. 

PPI=proton pump inhibitor.
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Table 1. Studies With Validated Outcomes Demonstrating Risk With Use of PPIs

Study Study design Population Outcomes
Adjusted OR  

(95% CI)

Clostridium difficile–associated diarrhea 

Cunningham 
R, et al.5

Case-control United Kingdom; 
hospitalized patients

•   Risk associated with PPI use within preceding 
8 weeks

•   Risk associated with PPI use plus antibiotics
•   Risk associated with PPI use, antibiotics, and 

chemotherapy

2.5 (1.5–4.2)

5.4 (2.2–13.2)
43.2 (5.7–330.4)

Dial S, et al.6 Cohort Montreal, Canada; 
hospitalized patients who 
received antibiotics

•   Risk associated with current PPI use
•   Risk associated with receipt of 3 or more 

antibiotics
•   Risk associated with being on a medical versus 

surgical ward

2.1 (1.2–3.5)
2.1 (1.3–3.4)

4.1 (2.3–7.3)

Case-control Montreal, Canada; 
hospitalized patients

•   Risk associated with current PPI use
•   Risk associated with prior renal failure
•   Risk associated with hospitalization within 

previous 3 months
•   Risk associated with female gender
•   Risk associated with MRSA  

colonization

2.6 (1.3–5.0)
5.1 (1.7–15.2)
2.9 (1.4–6.1)

2.5 (1.2–5.0)
7.8 (2.3–26.0)

Dial S, et al.7 2 population-
based case-
control studies

United Kingdom; all 
cases in database and a 
subgroup of nonhospital-
ized patients 

•   Risk associated with current PPI use
•   Risk associated with inflammatory bowel 

disease
•   Risk associated with renal failure

2.9 (2.4–3.4)
3.6 (2.6–5.1)

3.7 (2.4–5.6)

Yearsley KA, 
et al.8

Prospective case-
control study

United Kingdom; 
hospitalized patients

•   Risk associated with antibiotic therapy
•   Risk associated with acid suppression therapy

13.1 (6.6–26.1)
1.90 (1.10–3.29)

Jayatilaka S,  
et al.9

Case-control United States; hospitalized 
patients

•   Risk associated with PPI use prior to or during 
admission

2.75 (1.68–4.52)

Aseeri M,  
et al.10

Case-control United States; hospitalized 
patients

•   Risk associated with PPI use
•   Risk associated with renal failure

3.6 (1.7–8.3)
5.7 (1.3–39.1) 

Leonard J,  
et al.31

Systematic 
review

Meta-analysis •   Odds of taking antisecretory therapy among 
patients infected with C. difficile

•   Risk associated with PPI use
•   Risk associated with H2RA use

1.94 (1.37–2.75)

1.96 (1.28–3.00)
1.40 (0.85–2.29)

Community-acquired pneumonia 

Laheij RJ,  
et al.11

Nested case-
control

The Netherlands; 
outpatients

•   Risk with any current acid-suppressive therapy
•   Risk among persons currently using PPIs
•   Risk among persons currently using H2RAs

1.27 (1.06–1.54)
1.89 (1.36–2.62)
1.63 (1.07–2.48)

Gulmez SE,  
et al.12

Case-control Denmark; hospitalized 
patients

•   Risk with current use of PPIs
•   Risk with initiation of PPIs 0–7 days prior to 

diagnosis 
•   Risk when PPI was started >3 months prior to 

diagnosis

1.5 (1.3–1.7)
5.0 (2.1–11.7)

1.3 (1.2–1.4)

Sarkar M,  
et al.13

Nested case-
control

United Kingdom;  
UK GPRD

•   Risk associated with current PPI use
•   Risk associated with current PPI therapy started: 
       – within 2 days of diagnosis
       – within 7 days of diagnosis
       – within 14 days of diagnosis

1.02 (0.97–1.08)

6.53 (3.95–10.80)
3.79 (2.66–5.42)
3.21 (2.46–4.18)

(Table continues on the following page)
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Study Study design Population Outcomes
Adjusted OR  

(95% CI)

Bone fracture

Yang YX,  
et al.14

Nested  
case-control

United Kingdom; UK 
GPRD

•   Risk of hip fracture with PPI therapy >1 year
•   Risk of hip fracture with >1.75 average  

daily-dose PPI

1.44 (1.30–1.59)
2.65 (1.80–3.90)

Vestergaard P, 
et al.15

Case-control Denmark;  
community-based

•   Risk of any fracture with PPI use within  
last year

•   Risk of hip fracture with PPI use within  
last year

•   Risk of spine fracture with PPI use within  
last year

1.18 (1.12–1.43)

1.45 (1.28–1.65)

1.60 (1.25–2.04)

Targownik LE, 
et al.16 

Retrospective 
matched cohort

Manitoba, Canada; 
community-based

•   Risk of hip fracture after 5+ years of PPI use
•   Risk of hip fracture after 7+ years of PPI use
•   Risk of any osteoporosis-related fracture after 
7+ years of PPI use

1.62 (1.02–2.58) 
4.55 (1.68–12.29)
1.92 (1.16–3.18)

Vitamin B12 deficiency

Valuck RJ,  
Ruscin JM17

Case-control United States;  
university-based

•   Risk associated with past use of PPI/H2RA
•   Risk associated with use of PPI/H2RA for  

<12 months
•   Risk associated with use of PPI/H2RA for  

≥12 months

2.01 (0.89–4.35)
1.03 (0.46–2.31)

4.46 (1.49–13.33)

Antiplatelet interactions

Gilard M,  
et al.19

Prospective 
double-blind 
randomized 
placebo-
controlled

France; patients with 
coronary artery disease 
undergoing coronary stent 
implantation

•   Platelet reactivity index in patients receiving 
omeprazole versus placebo

       – Day 1: 83.9% (SD 4.6) versus 83.2% 
          (SD 5.6) [P<.0001]
       – Day 7: 51.4% (SD 16.4) versus 39.8% 
          (15.4) [P<.0001]

Siller-Matula 
JM, et al.20

Nonrandomized Austria; patients with 
coronary artery disease 
undergoing percutaneous 
coronary intervention

•   Platelet reactivity index and platelet aggrega-
tion was not statistically different among 
patients treated with pantoprazole or esome-
prazole compared to no PPI therapy

Small DS,  
et al.21

Single-center 
open-label 
randomized 
4-period  
cross-over

United States; healthy 
subjects with no known 
coronary heart disease

•   Lansoprazole decreased IPA in subjects with 
a high IPA after a clopidogrel loading dose, 
yet IPA was unaffected after a loading dose of 
prasugrel

Ho PM, et al.22 Retrospective 
cohort 

United States, VA  
hospitals; veterans 
discharged with ACS  
or unstable angina

•   Clopidogrel plus PPI associated with risk 
of death or ACS rehospitalization versus 
clopidogrel without PPI

•   Risk of all-cause mortality between clopidogrel 
plus PPI versus clopidogrel without PPI

1.25 (1.11–1.41)

0.91 (0.80–1.05)

ACS=acute coronary syndrome; CI=confidence interval; GPRD=General Practice Research Database; H2RA=histamine-2 receptor antagonist; IPA=inhibition 
of platelet aggregation; MRSA=methicillin-resistant Staphylococcus aureus; OR=odds ratio; PPIs=proton pump inhibitors; SD=standard deviation; 
VA=veterans affairs.

Table 1. (Continued from previous page)
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studies conducted in Montreal, Canada. The cohort study 
identified all patients in the general and cardiothoracic 
surgical wards of a teaching hospital who had received 
antibiotics over a 9-month period. The primary outcome 
was a new diagnosis of CDAD. To be considered exposed 
to PPIs, patients had to have taken a PPI for at least 3 days 
prior to the onset of reported diarrhea. CDAD developed 
in 6.8% of subjects, with a greater-than-2-fold increase 
in the risk of CDAD in patients taking PPIs, whereas no 
increased risk was observed among patients taking hista-
mine-2 receptor antagonists (H2RAs). The risk of CDAD 
was also significantly greater in subjects taking 3 or more 
antibiotics and in those in medical versus surgical wards. 

The case-control study determined that after 
adjus t ing for potential confounding factors, the risk of 
developing CDAD while taking PPIs was significantly 
increased in subjects with renal failure, those who had 
been hospitalized within the previous 3 months, those 
with methicillin-resistant Staphylococcus aureus (MRSA) 
colonization, and women. 

Dial and coworkers7 also conducted 2 population-
based case-control studies in the United Kingdom to 
determine whether there was an association between 
acid-suppression therapy (AST) and community-acquired 
CDAD. When examining time trends of CDAD diag-
nosis, the investigators determined that the incidence 
of CDAD increased from less than 1 case per 100,000 
in 1994 to 22 per 100,000 in 2004. When examining 
all 1,672 cases of patients with CDAD in the database, 
they found that significant predictors of CDAD were age  
65 years or older, prior hospitalization, and antibiotic use 
within 90 days prior to diagnosis. In a subanalysis lim-
ited to nonhospitalized patients, factors associated with 
CDAD included age 71 years or older, female gender, 
inflammatory bowel disease, malignancy, colonization 
with MRSA, and PPI exposure.  

Yearsley and colleagues8 conducted a case-control 
study of hospitalized patients in the United Kingdom to 
determine whether AST was associated with an increased 
risk of CDAD. The risk of developing CDAD was inde-
pendently associated with antibiotic use (odds ratio [OR], 
13.1; 95% confidence interval [CI], 6.6–26.1) and PPI 
therapy (OR, 2.03; 95% CI, 1.21–3.41).

Jayatilaka and associates9 conducted a study in a 
US urban medical center examining a 5-year period of 
infection rates in association with PPI use. They found an 
increase of nearly 60% in C. difficile colitis cases during 
this period. Moreover, PPI usage increased significantly 
over the period of observation and correlated strongly 
with the increase in CDAD incidence (rs=1.00). PPI 
use either prior to or during admission was significantly 
associated with CDAD, unlike H2RA use; however, there 

was no observable dose-response relationship with PPIs. 
Although antibiotic usage correlated with PPI use, PPIs 
remained a significant independent predictor of CDAD. 

Aseeri and coworkers10 performed a case-control 
study in a US medical center to examine the association 
between PPI use and CDAD in hospitalized patients. The 
type and duration of antibiotic use was closely monitored, 
and exposure to AST was defined as administration prior 
to admission or at least 3 days prior to development of 
CDAD as an inpatient. The likelihood of developing 
CDAD increased more than 3-fold with concomitant PPI 
use and more than 2-fold with concomitant H2RA use.

Community-acquired Pneumonia 
Laheij and colleagues11 examined the association between 
AST and the development of CAP in a nested case-con-
trol trial in the Netherlands. Their study population of 
364,683 subjects included 5,551 patients who developed 
first-time pneumonia. The incidence of community-
acquired pneumonia (CAP) was 2.5 per 100 person-years 
among subjects taking PPIs, 2.3 per 100 person-years 
among those taking H2RAs, and 0.6 per 100 person-
years among those not taking AST. Patients taking AST 
developed CAP 4.5 times more often compared to those 
who had never taken AST, and a significant dose response 
was observed. Conversely, a significant dose response was 
not observed in subjects taking H2RAs. Among current 
users of AST, the risk of developing CAP was greatest in 
those subjects who began AST within 30 days prior to 
CAP diagnosis.

Gulmez and associates12 conducted a population-
based case-control study in Denmark that examined the 
association between PPIs and the risk of CAP by identify-
ing cases with a hospital discharge diagnosis of a patient’s 
first CAP episode. Subjects were considered exposed to a 
PPI if they had fulfilled a prescription for a PPI within 
90 days of hospital admission. A total of 7,642 cases were 
identified, 11% of which were current PPI users. Current 
PPI users were 50% more likely to develop CAP, and no 
significant association was noted between H2RA use and 
CAP. The authors were unable to detect a dose response 
between either PPIs or H2RAs and CAP. There was a sig-
nificant temporal relationship between initiation of PPI 
therapy and diagnosis of CAP, most prominent within 
the first 7 days of treatment; however, the risk was not 
increased among subjects who began PPI therapy more 
than 84 days prior to diagnosis.

Sarkar and coworkers13 investigated the association 
between PPI use and CAP in adults in general practices in 
the United Kingdom via a nested case-control study. The 
researchers examined 80,066 cases of first CAP and iden-
tified the use of any PPI within 30 days prior to diagnosis. 
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Although patients who developed CAP were more likely 
to have been on PPIs, this association lost significance 
after adjustment for confounding factors. However, the 
subset of patients who were on PPI therapy for less than 
30 days did experience an increased risk that was inversely 
proportional to the duration of PPI use.

Bone Fracture
Yang and colleagues14 performed a nested case-control 
study of residents in the United Kingdom to determine 
the relationship between PPI use and hip fracture. They 
found a crude incidence rate of hip fracture of 4.0 per 
1,000 person-years among patients with more than 1 year 
of continuous PPI use compared to 1.8 per 1,000 person-
years in those subjects not taking AST. After adjusting for 
potential confounding factors, the relationship between 
PPI use and hip fracture associated with more than 1 
year of PPI therapy remained significant (OR, 1.44; 95% 
CI, 1.30–1.59). Support for a causal link was increased 
through demonstration of a dose effect with respect to 
both the duration and dose of PPI therapy. The association 
between hip fracture and long-term PPI use was greater in 
men than women (OR, 1.78 and 1.36, respectively).

Vestergaard and associates15 conducted a case-control 
study in Denmark examining the risk of PPIs, H2RAs, 
and antacids on the risk of fracture. They determined 
that in patients with osteoporotic fractures of the hip 
and spine who had used AST within the last year, these 
fractures were more likely to have occurred in patients 
who took PPIs compared to H2RAs, whereas the risk of 
forearm fracture did not differ across drug classes. There 
was an increased risk of fracture associated with AST 
use within the year prior to fracture, and no significant 
association was seen among those who had not used AST 
for over 1 year. No dose-response relationship was iden-
tified between fracture and PPI use, yet a trend toward 
decreasing fracture risk was seen with an increasing dose 
of H2RAs. Overall, however, the fracture risk was signifi-
cantly lower among patients taking H2RAs compared to 
PPIs, and there was no gender difference observed.

Targownik and coworkers16 performed a retrospec-
tive matched cohort study in Manitoba, Canada to deter-
mine whether osteoporotic fractures correlated with the 
duration of continuous treatment with PPIs. Cases were 
defined as individuals 50 years of age and older who had 
hip, spine, or wrist fracture. Duration of PPI therapy was 
defined as continuous exposure if a patient was taking a 
PPI more than 70% of the time prior to fracture, whereas 
noncontinuous exposure was defined as a patient taking 
a PPI less than 70% of the time prior to fracture, and 
no exposure was defined as a patient not taking a PPI 
prior to the fracture. The researchers found no statistically 
significant association between the use of PPIs and the 

occurrence of an osteoporotic fracture within 1–6 years 
of defined continuous PPI therapy, but they did find that 
this risk was elevated after 7 years of continuous therapy.

Vitamin B12 Deficiency
Valuck and Ruscin17 conducted a case-control study in 
a university-based geriatric primary care setting in the 
United States and reported an association between AST 
and vitamin B12 (cobalamin) deficiency. They identified 
53 vitamin B12-deficient cases and compared them to 
212 controls with respect to past or current use of pre-
scription H2RAs or PPIs, with current use further clas-
sified as less than 12 months (short-term use) or greater 
than or equal to 12 months (chronic use) of AST. Vitamin 
B12 deficiency was found to be significantly associated 
with chronic use of AST, with the vast majority of patients 
in this study using H2RAs compared to PPIs; however, 
vitamin B12 deficiency was not associated with either past 
or short-term use of AST. 

Antiplatelet Interactions
Recent studies have evaluated the potential interaction 
of the antiplatelet agent clopidogrel in patients concomi-
tantly treated with PPIs, suggesting that PPIs decrease 
antiplatelet effects due to competitive inhibition of the 
cytochrome CYP2C19 enzyme, though this may not 
be a class effect.18,19 Gilard and colleagues19 conducted a 
double-blind, randomized, placebo-controlled trial in 124 
patients with coronary artery disease (CAD) undergoing 
coronary artery stent implantation in which all patients 
received aspirin and clopidogrel and were randomized to 
receive either omeprazole or placebo. They determined 
that omeprazole significantly decreased clopidogrel’s 
effects on platelet activation via dephosphorylation of 
intraplatelet vasodilator-stimulated phosphoprotein and 
cytochrome P-450 metabolism. No clinical outcomes 
were examined in this study.

Siller-Matula and associates20 evaluated 300 patients 
with CAD undergoing percutaneous coronary interven-
tion who were receiving both clopidogrel 75 mg daily 
and aspirin 100 mg daily and assigned them to treatment 
with either pantoprazole or esomeprazole versus no PPI 
therapy. Via examination of platelet reactivity index, there 
was no statistically significant difference observed between 
patients who received either pantoprazole or esomepra-
zole compared to those who received no PPI therapy. This 
study suggested that PPI-clopidogrel interaction may not 
be a class effect. 

Small and coworkers21 examined 24 healthy sub-
jects without a history of cardiovascular disease. Patients 
were randomized to receive either prasugrel (Effient, Eli 
Lilly; a thienopyridine prodrug antiplatelet agent simi-
lar to clopidogrel) 60 mg with or without lansoprazole  
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30 mg, or clopidogrel 300 mg with or without lansoprazole  
30 mg. Lansoprazole did not significantly affect the 
pharmacodynamics of either prasugrel or clopidogrel; 
however, lansoprazole decreased inhibition of platelet 
aggregation (IPA) in subjects who had achieved a high 
IPA after a clopidogrel loading dose, though it did not 
interfere with IPA in the same subjects after a load-
ing dose of prasugrel. The authors postulated that the 
dichotomy in these results could be best explained by 
differences in the pharmacokinetics of prasugrel and 
clopidogrel, including differences in the pathways 
involved in the antiplatelet agents and lansoprazole. 

Ho and colleagues22 examined a cohort of 8,205 
US veterans after hospitalization for acute coronary 
syndrome (ACS) and found that use of clopidogrel plus 
PPI was associated with a 25% increased risk of death or 
rehospitalization for ACS compared to use of clopidogrel 
without PPI. Considering secondary outcomes, patients 
taking clopidogrel plus PPI were at increased risk of 
rehospitalization for recurrent ACS and revasculariza-
tion procedures; however, no increased risk of all-cause 
mortality was noted compared to those using clopidogrel 
without PPI.

Other Risks
Long-term use of PPIs has been associated with benign 
conditions, including the development of benign gastric 
and fundic polyps, but data supporting this concept are 
mixed. The development of fundic polyps is thought to 
be largely a benign condition that regresses upon cessa-
tion of PPI therapy.23 A case-control study determined 
that long-term PPI therapy conferred no increased risk 
of development of fundic polyps.24 Case reports suggest 
the potential for alteration in calcium, aluminum, mag-
nesium, and iron metabolism with the use of PPIs, but 
to date, no adequate long-term studies exist to prove a 
cause-and-effect relationship. One study in laboratory rats 
found that omeprazole inhibited absorption of ferrous 
iron, but not ferric iron, though there is a lack of adequate 
human studies to support this relationship.25 Omeprazole 
has been found to decrease the concentration of vitamin 
C in the biologically active form of ascorbic acid in both 
gastric juice and serum concentration.26 Esomeprazole 
has been reported to compromise upper gastrointestinal 
barrier function, causing a transmucosal leak of proteins 
in patients with GERD, the significance of which is cur-
rently unclear.27

Discussion

PPIs are associated with several adverse events mechanisti-
cally linked to hypochlorhydria. Some studies have sug-
gested a dose-response relationship between PPI therapy 

and adverse events, though this has not been proven to be 
ubiquitous. Data on PPI therapy are stronger than data 
on H2RA therapy, most likely due to the more profound 
degree of acid suppression with PPIs. 

Clostridium difficile–associated Diarrhea
C. difficile is a Gram-positive anaerobic spore-forming 
bacterium that is the leading cause of diarrhea in hos-
pitalized patients, and is increasing in incidence in 
developed countries. The clinical spectrum ranges from 
asymptomatic carrier state to acute diarrhea with pseu-
domembranous colitis and an increased risk for colonic 
perforation. The mortality rates quoted in the current lit-
erature are estimated to be 1–2%, though these rates may 
be underestimated. The associated morbidity is even more 
challenging to predict.28,29 The most common risk factor 
for acquiring CDAD is the use of antibiotics, particularly 
broad-spectrum agents, including cephalosporins, clinda-
mycin, and quinolones, in either single- or multiple-treat-
ment courses.10,29,30 The current literature has provided 
substantial evidence regarding the relationship between 
PPI therapy and CDAD,5-10 centered on the premise that 
the pathogenicity of C. difficile is related to the ability of 
its spores to resist destruction by the normal gastric acid 
environment, allowing for intestinal colonization.

A systematic review of the risk of enteric infection 
in patients taking AST by Leonard and associates31 high-
lights pooled data demonstrating an increased risk of 
CDAD with PPI use compared to H2RA use. The studies 
by Dial and coworkers6,7 postulate that the incidence of 
CDAD may be due to increased testing and reporting, 
though AST is more commonly prescribed for patients 
with UGI disorders, which should not influence testing 
for CDAD. 

These data raise concern for clinicians caring for 
patients in the hospital setting. Many patients who are 
admitted may already be on AST for an appropriate 
condition, though others may be inappropriately placed 
on a PPI for stress ulcer prophylaxis and may even be 
discharged on them.32 One expert has suggested that 
all patients who are admitted on a PPI be discontin-
ued while hospitalized to minimize potential risk of 
CDAD,33 whereas another expert proposes continuing 
PPI therapy when appropriately indicated at the lowest 
effective dose and fostering protective barrier nursing 
and prudent hand washing.34

Community-acquired Pneumonia
Microorganisms are commonly swallowed, yet few sur-
vive the acidic environment in the stomach. Alteration of 
this important defense mechanism via AST allows for suc-
cessful gastric colonization of bacteria that are commonly 
found in the oral cavity and hypopharynx. Typically, the 
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presence of pathogens in the stomach has been associated 
with nosocomial respiratory infections and ventilator-
associated pneumonia.35,36 

Attention over recent years has turned to the risk 
of CAP associated with PPI therapy and has uncovered 
a dose-dependent relationship. Laheij and colleagues11 

observed a significant difference in CAP incidence 
between subjects currently taking PPIs compared to those 
who had stopped using PPIs. The researchers admitted 
that their data may represent a small degree of misclas-
sification of outcomes, as the diagnosis of CAP is often 
clinical and not radiographic. In addition, pneumonia 
symptoms may have prompted clinicians to prescribe 
AST for UGI symptoms related to CAP. Although the 
overall risk of CAP in the general population without 
significant comorbidities is low, this study, along with the 
study by Gulmez and associates,12 provides insight for the 
care of elderly patients who are more likely to take a PPI 
and have a higher risk of developing CAP.

Sataloff37 suggested that GERD may contribute to 
the development of CAP in PPI users, though the evi-
dence to support this hypothesis is conflicting. Gulmez 
and colleagues12 postulated that the most basic mechanical 
explanation is that profound inhibition of acid secretion 
disrupts a barrier for pathogens to ascend the esophagus 
into the pharynx and become microaspirated into the 
lungs, as the risk of infection with airborne pathogens has 
not been shown to be negatively affected by PPI use. 

Bone Fracture
Conflicting evidence exists with regard to the role of 
hydrochloric acid in the absorption of calcium. PPIs 
inhibit the intragastric secretion of hydrochloric acid that 
mediates small intestinal absorption of calcium.38 How-
ever, in patients with normal gastric acid secretion (not 
in patients with pernicious anemia), insoluble calcium is 
absorbed at the same rate as soluble calcium.39 Osteoclasts 
are known to also possess proton pumps; thus, their activ-
ity is potentially thought to be directly affected by PPIs 
and reduce bone resorption.40

To date, there are no adequate long-term studies 
that have evaluated the effect of PPIs on calcium absorp-
tion. Several short-term studies have found a decrease in 
calcium absorption in patients taking PPIs, but the con-
founding element was that these patients had end-stage 
renal disease and were on hemodialysis.41,42 

The findings from the study by Yang and cowork-
ers14 drew similar conclusions to the study by Vestergaard 
and associates15 with regard to the increased risk of hip 
fracture with patients taking PPIs. However, the study 
by Vestergaard and colleagues did not identify either a 
dose- or duration-response effect, in contrast to the Yang 
and associates study. Although neither study was designed 

to define underlying mechanisms to explain the poten-
tial association between fracture risk and PPI therapy, 
the authors postulated that there may be an alternative 
explanation for various effects with either standard- or 
high-dose PPIs. Clinically, it was suggested that elderly 
patients who require long-term and high-dose PPI 
therapy should consider increased dietary and/or supple-
mentary calcium intake.

In contrast to the study by Yang and coworkers, the 
study by Targownik and colleagues16 found an increase in 
the overall risk of fracture among patients with 7 or more 
years of PPI therapy and an increased risk of hip fracture 
with 5 or more years of PPI therapy. Short-term risk of 
fracture was not found to be significant. Their study sug-
gests that the risk of osteoporotic fracture increases with 
the duration of exposure to PPI therapy, but not in a dose-
dependent fashion.4

Vitamin B12 Deficiency
Vitamin B12 deficiency is a common disorder, affecting 
up to 20% of elderly individuals, and is related to food-
cobalamin absorption syndrome, pernicious anemia, and 
insufficient dietary intake.43 Clinical deficiency is often 
undetected and sometimes found incidentally; severe 
cases may present with profound neuropsychiatric and 
hematologic findings that may herald underlying disease. 
Malabsorption is thought to result from the development 
of atrophic gastritis and hypochlorhydria/achlorhydria.44 

As patients advance in age and accrue comorbidities, 
including Helicobacter pylori infection, gastrectomy, vag-
o  tomy, HIV infection, and alcoholism, they are at an 
increased risk of cobalamin deficiency.43,45

A review by Howden46 concluded that inhibition of 
gastric acid secretion by PPIs may lead to vitamin B12 
deficiency, as elevation of intragastric pH may impair the 
extraction of cobalamin from dietary protein and affect 
binding to salivary R proteins. The reduction in the 
amount of gastric acid in the upper small intestine may 
promote bacterial overgrowth that allows for increased 
bacterial consumption of cobalamin, as increased bacte-
rial counts in the upper small intestine have been iden-
tified in patients on long-term PPI therapy, though the 
clinical correlation of adverse effects on nutritional status 
have never been determined. 

To date, there is no guideline to support routine 
screening of serum vitamin B12 levels in patients on 
either short- or long-term PPI therapy. Valuck and  
Ruscin17 determined that with an assumed baseline 5% 
risk of cobalamin deficiency in the elderly, the number 
needed to harm (NNH) would be 7; with an assumed 
baseline risk of 10% deficiency, the NNH would be 
4. Howden suggests that if a patient with decreased 
serum cobalamin levels warrants appropriate long-term  
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PPI treatment, the benefit of treatment must be 
weighed against any potential risks, which in most 
cases should not outweigh an insignificant reduction in 
cobalamin levels.46 

Antiplatelet Therapy
The currently accepted guidelines for management of 
patients with ACS consist of combination treatment 
with antiplatelet agents and antithrombotic medications, 
which can predispose patients to an increased risk of 
gastrointestinal bleeding.47 Barada and colleagues48 con-
ducted a retrospective trial of 1,023 patients hospitalized 
with ACS, with a predominant outcome measurement 
of incidence of inhospital UGI bleeding and utiliza-
tion rate of PPIs. Less than 1% of all patients exhibited 
UGI bleeding in the study. Major predictors of UGI 
bleeding included prior history of peptic ulcer disease 
or UGI bleeding and at-home consumption of aspirin, 
clopidogrel, or nonsteroidal anti-inflammatory drugs. 
The authors concluded that the risk of UGI bleeding in 
patients with ACS is low and may not be significantly 
reduced with the administration of PPIs, despite therapy 
with antiplatelet and antithrombotic agents. 

The practical and clinical implications highlighted 
in the studies by Gilard and associates,19 Siller-Matula 
and colleagues,20 Small and coworkers,21 and Ho and 
associates22 remain a challenge in current practice. 
Omeprazole metabolism may interfere with conversion 
of clopidogrel, a prodrug, to its active form. Data on 
esomeprazole and pantoprazole are less conclusive. There 
are currently no guidelines to provide an evidence-based 
recommendation regarding PPI therapy in patients 
receiving antiplatelet therapy either during ACS or 
during maintenance therapy after ACS or a cerebrovas-
cular accident. Additional research is needed to further 
examine this issue in larger cohorts, with head-to-head 
comparisons across all PPIs.

Conclusion

PPIs have revolutionized therapy for many UGI disor-
ders and command a substantial percentage of the US 
pharmaceutical market share. Appropriate utilization 
of these drugs for appropriate diagnoses, periodic reas-
sessment of patient symptoms to determine the lowest 
effective dosage and duration of therapy, as well as close 
surveillance for potential adverse risks, will not only 
minimize cost expenditure but will maximize favor-
able outcomes. The development of local and national 
guidelines for appropriate use of AST may also help to 
minimize adverse risk. 
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